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(57) Abstract: A hydraulic pump includes an upper housing with 
fluid inlet and outlet ports, and a lower housing combined with the 
upper housing, A driving shaft h inserted into the upper and lower 
housings such that the driving shaft is rotated. A cylinder block 
is mounted within the upper housing around the driving shaft such 
that the cylinder block is rotated together with the driving shaft 
Uneven numbers of pistons are equidistantly arranged in the cylin- 
der block such that the pistons- reciprocate. Each piston has a ball 
bearing. A swash plate member is provided at the lower housing. 
The swash plate member has a spiral groove for receiving the ball 
bearing of the piston. The spiral, groove of the swash plate member 
incurs the stroke of the piston. The spiral groove of the swash plate 
member has a left spiral ed portion and a right spiraled portion in- 
terconnected by curved portions. . 
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HYDRAULIC PUMP 

BACKGROUND OF THE INVENTION 

(a) Field of the Invention 

The present invention relates to a hydraulic pump and. more 
5 particularly, to a hydraulic pump which can significantly reduce variation in a 
quantity of fluid, to be discharged. 

(b) Description of the Related Art 

Generally, a hydraulic pump is provided with a swash plate having 
an inclined side, and a cylinder block having a plurality of pistons each with a 

io bottom end slide-contacting the inclined side of the plate. The pistons 
reciprocate in the cylinder block while sliding on the inclined side of the 
swash plate such that fluid is introduced into the cylinder block, and 
discharged therefrom. 

In such a hydraulic pump, the quantity of fluid discharged from the 

15 cylinder block by each piston is formed with a sine wave, and hence the fluid 
quantity discharged by several numbers of pistons are overlapped with a 
form of an overlapped sine wave. This means that variation in the 
discharged fluid quantity, usually called the "pulsation", occurs. It has been 
known that such a pulsation phenomenon is due to the mechanical 

20 characteristics of the hydraulic pump or the fluid compression pressure of the 
pistons. 

Most of the hydraulic pumps are installed with uneven numbers (for 
example, 7 or 9) of pistons because the uneven numbers of pistons involve 
reduced pulsation compared to even numbers of pistons. 
25 Korean Patent No. 177496 to the present applicant discloses a 

hydraulic pump for reducing occurrence of the pulsation phenomenon with 
even numbers of pistons. The inclined side of the swash plate contacting 
the pistons is formed with a spiral groove. 
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In the above structured hydraulic pump, when the spiral groove of 
the swash plate is divided into first to fourth quarter parts from three o'clock 
to nine o'clock in the anti-clockwise direction, the top dead center of the 
spiral groove is positioned at the second quarter part, whereas the bottom 
5 dead center of the spiral groove at the third quarter part. This results in 
shortened fluid inlet stroke area, and hence increased fluid inlet speed. 

Furthermore, the spiral groove formed at the inclined side of the 
swash plate should be deep-structured to receive the bottom end of the 
piston, and this involves complicated processing, steps. In addition, when 
jo the spiral groove or the bottom end of the piston wears out, a gap is made 
between the bottom end of the piston and the spiral groove so that stable 
operation of the hydraulic pump cannot be expected. 

SUMMARY OF THE INVENTION - 

It is an object of the present invention to provide a hydraulic pump 
15 which can make fluid to be linearly discharged with uneven numbers of 
pistons, and reduce pulsation in the quantity of fluid . due to the factors of 
mechanical characteristic and fluid compression. 

It is another object of the present invention to provide a hydraulic 
pump which can control the quantity of fluid to be discharged in a stable 
20 manner. 

These and other objects may be achieved by a hydraulic pump 
including an upper housing with fluid inlet and outlet ports, and a lower 
housing combined with the upper housing. A driving shaft is inserted into 
the upper and lower housings such that the driving shaft is rotated. A 
25 cylinder block is mounted within the upper housing around the driving shaft 
such that the cylinder block is rotated together with the driving shaft. 
Uneven numbers of pistons are equidistantly arranged. in the cylinder block 
such that the pistons reciprocate. Each, piston has a ball bearing. A 
swash plate member is provided at the lower housing. . The swash plate 
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member has a spiral groove for receiving the ball bearing of the piston. The 
spiral groove of the swash plate member incurs the stroke of the piston. 
The spiral groove of the swash plate member has a left spiraled portion and 
a right spiraled portion interconnected by curved portions. 
5 Alternatively, the spiral groove of the swash plate member may be 

complexrspiraled with a plurality of spiral parts. Each spiral part has 
spiraled portions interconnected by curved portions. In this structure, the 
fluid quantity to be discharged can be controlled by changing the stroke of 
the pistons while tilting the swash plate member and linearized as the spiral 
10 groove consists of complex-spiraled structure. 

BRIEF DESCRIPTION OF THE DRAWINGS 

A more complete appreciation of the invention, and many of the 
attendant advantages thereof, will be readily apparent as the same becomes 
better understood by reference to the following detailed description when 
15 considered in conjunction with the accompanying drawings in which like 
reference symbols indicate the same or the similar components; wherein: 

Fig. 1 is a side elevation view of a hydraulic pump with pistons and a 
swash plate member according to a first preferred embodiment of the 
present invention; 

20 Fig- 2 is a perspective view of the swash plate member shown in Fig. 

1; 

Fig. 3 is a plan view of the swash plate member shown in Fig. 1; 

Fig. 4 is a cross sectional view of the swash plate member taken 
along the I - I line of Fig. 3; 
25 Fig. 5 is a cross sectional view of the swash plate member taken 

along the U- II line of Fig. 3; 

Fig. 6 is a pitch circle developmental view of the spiral groove of the 
swash plate member shown in Fig. 1 ; 

Fig. 7 is a diagram illustrating displacement and speed of the piston 



BNSDOC30; <WO 0-M3M2A1 I > 

• 0-.. .... 



14-04-2005 16:32 DE CASALONGA JOSSE A 



A 0081333201393 



P. 022 



WO 01/42652 PCT/KR99/00746 

4 

moving on the spiral groove of the swash plate member shown in Fig. 1 ; 

Fig. 8a is a diagram illustrating positional relation in-between the 
pistons moving on the spiral groove of the swash plate member shown in Fig. 

1: , ^'.,,-.4r-:rr'- 

5 Fig. 8b is a diagram illustrating speed relation in-between the spiral 

groove of the swash plate member shown in Fig. 1 and the pistons moving 
on the spiral groove; 

Fig, 9 is a ;, diagram illustrating fluid quantity compensation relation in- 
between the pistons moving on the swash plate member sihown in Fig. 1; 

io Fig. 10 is a diagram illustrating fluid quantity compensating 

operations of the first and fifth pistons shown in Fig. 8a; 

Fig. 1 1 is a side elevation view of a hydraulic pump with pistons and 
a swash plate member according to a second preferred embodiment of the 
present invention; 

15 Fig. 12 is a perspective view of the swash plate member shown in 

Fig. 11; 

Fig. 13 is a plan view of the swash plate member shown in Fig. 11; 
Fig, 14 is a cross sectional view of the swash plate member taken 
along the I - I line of Fig. 13; 
20 Fig. 15 is a diagram illustrating displacement of the pistons moving 

on the spiral groove of the position-varied swash plate member shown in Fig. 
11; 

Fig. 16 is a diagram illustrating the speed of the displaced pistons 
shown in Fig. 15; and 
25 Fig. 17 is a schematic view illustrating the position-varied state of the 

swash plate member shown in Fig. 1 1. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

Preferred embodiments of this invention will be explained with 
reference to the accompanying drawings. 
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Fig. 1 is a side elevation view of a hydraulic pump according to a first 
preferred embodiment of the present invention. The hydraulic pump 
includes an upper housing 2 with an inner empty space, and a lower housing 
4 combined with the upper housing 2 while enclosing the empty space. A 
5 driving shaft 6 is inserted into the upper and lower housings 2 and 4 such 
that it can be rotated by receipt of driving power from a separate power 
source (not shown). A cylinder block 10 with a plurality of cylinders 8 is 
mounted within the empty space of the upper housing 2. 

The upper housing 2 is provided with a fluid inlet port p1 and a fluid 
10 outlet port p2. 

A piston 12 is inserted into each of the cylinders 8 such that it can 
reciprocate therein. The piston 12 has a pocket 14 at its bottom portion. 
The pocket 14 of the piston 12 receives a ball bearing 16 such that the ball 
bearing 16 can roll therein. 
15 A seat 18 is formed at the peripheral portion of the pocket 14. and an 

elastic member 20 is interposed between the pocket 14 and the cylinder 
block 10. In such a structure, the elastic member 20 presses the piston 12 
against the seat 18. 

The top end of the driving shaft 6 is positioned at the upper housing 
20 2 while sequentially passing through the lower housing 4 and the cylinder 
block 10. 

A spline is formed at the periphery of the driving shaft 6, and 
combined with the cylinder block 10 such that the cylinder block 10 can be 
rotated together with the driving shaft 6. 
25 A swash plate member 24 is provided at the lower housing 4, and 

exposed to the inner space of the upper housing 2. 

A spiral groove 26 is formed at the top side of the swash plate 
member 24 to partially receive the aforementioned ball bearing 16 held in the 
pocket 14 of the piston 12. The swash plate member 24 has a center hole 
30 28 for freely passing the driving shaft 6. 
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Fig. 2 is a perspective view of the swash plate member 24 shown in 
Fig. 1, Fig. 3 is a plan view of the swash plate member 24, Fig. 4 is a cross 
sectional view of the swash plate member 24 taken along the I - I line of 
Fig. 3, and Fig, 5 is a cross sectional view of the swash plate member 24 
5 taken along the II- II line of Fig. 3. 

As shown in the drawings, the spiral groove 26 has two spiraled 
portions 30 and 32 spaced apart from each other with a predetermined 
distance, and two curved portions 34 and 36 each interconnecting the 
spiraled portions 30 and 32. 
io One of the spiraled portions 30 and 32 is processed in the left 

direction, and the other in the right direction. Fig. 6 illustrates the developed 
state of the spiral groove 26. 

The spiral groove 26 is structured to have a difference in height 
when viewed from the horizontal side. In case the highest point of the spiral 
15 groove 26 is called the "top dead center (TC)" and the lowest point called 
the "bottom dead center (BC)", the distance between the TC and the BC 
corresponds to the stroke L of the piston 12. 

The TC and the BC are existent at the curved portions 34 and 36, 
respectively. Particularly when the spiral groove 26 is assumed to be a 
20 circle with four sections quartered from three o'clock to nine o'clock in the 
anti-clockwise direction, as shown in Fig. 3, one curved portion 36 having the 
TC is biased at the second quarter section, and the other curved portion 34 
having the BC is centered around the borderline between the third and fourth 
quarter sections. In this structure, as shown in Fig. 7, the piston 12 is 
25 displaced after passing the TC, and the speed of the piston 12 corresponds 
to the displacement of the piston 12. Consequently, the fluid discharging 
area becomes longer than the fluid introducing area. That is, the fluid 
discharging area is extended as much as the distance of the curved portion 
36 biased at the second quarter section. 
30 Fig. 8a specifically illustrates the position of the first to seventh 
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pistons 12a to 12g moving on the spiral groove 26. 

The curved portions 34 and 36. and the spiraled portions 30 and 32 
are structured such that the first to seventh pistons 12a to 12g are 
equidistantly arranged on the spiral groove 26. When the first piston 12a is 
5 positioned on the BC, the second to fourth pistons 12b to 12d are positioned 
at the fluid discharging area, whereas the fifth to seventh pistons 129,40 12g 
are positioned at the fluid introducing area. . 

When the driving shaft 6 rotates, as shown in Fig. 8b 1), the speed of 
the first piston 12a gradually increases at the fluid discharging area. At this 

10 time, as shown in Fig. 8b 2) and 3), the second and third pistons 12b and 
12c have the same speed . As shown in Fig. 8b 4), the speed of the fourth 
piston 12d gradually decreases. As shown in Fig. 8b 5), the speed of the 
fifth piston 12e positioned at the fluid introducing area also gradually 
decreases. As shown in Fig. 8b 6), the speed of the sixth piston 12f also 

15 positioned at the fluid introducing area is kept to be constant at that area. 
As shown in Fig. 8b 7). the speed of the seventh piston 12g gradually 
increases. 

The pistons 12a to 12g placed at the above positions are rotated 
along the spiral groove 26 at the same time. Fig. 9 1) to 7) illustrates the 

20 quantity of fluid introduced and discharged by the first to seventh pistons 12a 
to 12g while overlapped with those of the previous pistons, respectively. 

Fig. 9 1) illustrates the quantity of fluid introduced and discharged 
when the first piston 12a begins rotating at the BC. Fig. 9 2) illustrates the 
quantity of fluid introduced and discharged by the second piston 12b while 

25 overlapped with that of the first piston 12a. In the same way, Fig. 9 7) 
illustrates the quantity of fluid introduced and discharged by the seventh 
piston 12g. It can be inferred from the above that when the discharged fluid 
quantities are overlapped, the pulsation phenomenon fades away so that the 
fluid quantity becomes linear. 

30 Fig. 10 illustrates the quantity of fluid introduced and discharged by 
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the first and fifth pistons 12a and 12e. The overlapped fluid quantity vl fills 
in the area v2 where pulsation -incurs: 'SO' that the discharged fluid quantity 
becomes linear. 

Fig. 11 is a side elevation view of a hydraulic pump according to a 
5 second preferred embodiment of the present invention; in this preferred 
embodiment; the overall* components :of the hydraulic pump are the same as 
those related to the first preferred embodiment except that the swash plate 
member has a different structure. 

The swash plate member 240 makes sliding-contact with a seat 
10 member 52 such that the inclination degree thereof can be changed. 

The seat member 52 is fixed to the upper housing 4 with a circular 
arc-shaped groove 50. A round sliding member 54 is provided under the 
swash plate member 240 such that it contacts the circular arc-shaped groove 
50. 

15 The sliding member 54 has a hole for excluding any interception 

when the swash plate member 240 is tilted toward it. 

An adjusting member 56 is provided at the upper housing 2 such that 
the bottom end thereof contacts the top surface of the swash plate member 
240. 

20 In order to give the swash plate member 240 the required elastic 

force, a groove is made at the lower housing 4, and an elastic member 58 is 
inserted into the groove of the lower housing 4. A contact member 60 is 
tensioned between the elastic member 58 and the bottom portion of the 
swash plate member 240. The position of the contact member 60 under the 

25 swash plate member 240 corresponds to that of the adjusting member 56 on 
the swash plate member 240, 

The top end of the contact member 60 contacting the swash plate 
member 240 is shaped with a circular arc to ensure smooth movement of the 
swash plate member 240 at tilting. 

30 The portion of the swash plate member 240 contacting the contact 



0142Q52A1_I_> 



14-04-2005 16:34 DE CASALONGA JOSSE A 



A 0081333201393 



P. 027 



WO 01/42652 PCT/KR99/00746 

9 

member 60 is formed with a groove 62 for preventing the contact member 60 
from deviating from its contact position. 

The adjusting member 56 is screwed through the upper housing 2, 
and the top portion of the adjusting member 56 exposed to the outside is 
5 structured such that it can be rotated by a wrench or a spanner and, hence, 
the bottom end of the adjusting member 56 can push the swash plate 
member 240. 

In the above structure, the swash plate member, 240 moves upward 
or downward in accordance with the rotating direction of the adjusting 
10 member. 56. 

When the swash plate member 240 is tilted, the sliding member 54 
slides from : the seat member 52, 

As the inclination degree of the above-structured swash plate 
member 240 can be controlled, a spiral groove 260 provided at the swash 
15 plate member 240 as in the first preferred embodiment is correspondingly 
structured to be complex-spiraled. 

That is, the spiral groove 26 of the swash plate member 24 
according to the first preferred embodiment is single-spiraled with two 
spiraled portions and two curved portions, whereas the spiral groove 260 
20 according to the second preferred embodiment as shown in Figs. 12 to 14, 
is complex-spiraled with a plurality of spiral parts each having two spiraled 
portions and two curved portions. 

This structure is to make the moving routes of the ball, bearing 16 of 
the piston 12 to be linear even when the swash plate member 240 is tilted. 
25 Particularly, as shown in Fig. 13, when the routes of the ball bearing 

16 moving on the spiral groove 260 are assumed to be divided into A to C, a 
moving route A y is followed from the moving route A, B* from the moving 
route B, and C ? from the moving route C. 

Fig. 14 illustrates the ground for forming such a spiral groove 260. 
30 In case the swash plate member 240 is in a horizontal state when viewed on 
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the basis of the drawing, the ball bearing 16 does not pass the point C\ In 
contrast, when the, swash plate member 240 is tilted by a predetermined 
angle, the ball bearing 16 passes by the point C\ That is, in the latter case. 
... the pitch.citcle,(P?C:D..);meets a side for forming the spiral groove 260 at a 
5 point C\- : by which the ball bearing 1 6 pass. When the swash plate member 

■p.* 240-returns'to be iniherhorizontal state, the point C remains in its position, 
in this way, A', B', C and other points can be found and several lines 
interconnecting A, B, C and other points as well as A\ B\ C and other 
points may be drawn. The lengths of such lines are determined in 

10 accordance with the maximum variance angle of the. swash plate member 
240. Consequently, such lines are continuously joined together and angled 
by 360 degree to thereby form the spiral groove 260 having a curved surface. 

The portion of the spiral groove 260 to be raised is structured to 
have a width narrower than that of the portion to be lowered. That is, as 

15 shown in Fig. 14, the portion of the spiral groove 260 indicated by A, B and C 
has a width narrower than that of the portion indicated by A', B' and C\ 
This is because the portion to be lowered has a wider movement range than 
that of the portion to be raised when the swash plate member 240 is tilted. 

Therefore, as shown in Fig. 15, when the curved portion of the spiral 

20 line interconnecting A and A' as in the first preferred embodiment is 
assumed to be the curve, the curved portion of the spiral line 
intierconnecting B and B' as in the first preferred embodiment to be the R 2 
curve, and the spiral line interconnecting C and C as in the first preferred 
embodiment to be the R 3 curve, the R, to R 3 curves satisfy the following 

25 mathematical formula: R 1 >R 2 >R 3 . 

Since spiral lines to be changed by tilting are existent in the spiral 
groove 260, the piston 12 moves along the appropriate spiral lines even 
when the swash plate member 240 is slightly tilted. 

Fig. 16 is a graph illustrating variation in the speed of the piston 12 

30 when the moving routes of the piston 12 are indicated by R, to R 3 as in Fig. 
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15. According to the graph, the stroke of the piston 12 are changed in 
accordance with the inclination degree of the swash plate member 240. 
This means that as the stroke of the piston 12 are changed, the quantity of 
fluid discharged are also changed. 
5 Fig. 17 illustrates variation in the tilting angle of the swash plate 

member 240 due to. the adjusting member 56. It can be known from the 
drawing that as the tilting angle of the swash plate member 240 is changed, 
the stroke of the piston 12 is changed by D v Furthermore, the rolling routes 
of the ball bearing 16 constantly ensures stable linear fluid discharging at 

10 any tilting angle of. the swash plate member 240. 

As described above, in the inventive hydraulic pump, the spiral 
groove of the swash plate member has a left spiraled portion and a right 
spiraled portion interconnected by a curved portion. The spiral groove is 
provided with bisecting points. One of the bisecting points corresponds to 

is the bottom dead center of the spiral groove. The top dead center of the 
spiral groove is. positioned at the place biased from the other bisecting point 
to the left spiraled portion. In this structure, pulsation in the quantity of fluid 
to be discharged can be minimized. 

While the present invention has been described in detail with 

20 reference to the preferred embodiments, those skilled in the art will 
appreciate that various modifications and substitutions can be made thereto 
without departing from the spirit and scope of the present invention as set 
forth in the appended claims. 
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WHAT IS CLAIMED IS: 

1. A hydraulic pump comprising: ^ - :> ^,. 

an upper housing having fluid inlet and outlet ports, and a*. lower, 
housing combined with the upper housing;, ^ . 

5 a. driving shaft inserted into the upper and lower housings such that 

; the driving -shaft is rotated; - v r ^ir*-* , 

a cylinder blpck mounted within the upper housing around the driving 
shaft such that the cylinder block is rotated together with the driving shaft; 

uneven numbers of pistons equidistantly arranged in the cylinder 
10 block such that the pistons reciprocate, each piston having a ball bearing; 
and 

a swash plate member provided at the lower housing, the swash 
plate member having a spiral groove for receiving the ball bearing of the 
piston, the spiral groove of the swash plate member incumng the stroke of 
is the piston, the spiral groove of the swash plate member comprising a left 
spiraled portion and a right spiraled portion interconnected by curved 
portions. 

2. The hydraulic pump of claim 1 wherein the spiral groove 
comprises bisecting points, one of the bisecting points corresponding to a 

20 bottom dead center of the piston, a top dead center of the spiral -groove 
being positioned at the place biased from the other bisecting point, the 
section of the spiral groove with a long peripheral distance between the top 
and bottom dead centers being the fluid discharging area, the section of the 
spiral groove with a short peripheral distance being the fluid introducing area. 

25 3. The hydraulic pump of claim 1 wherein the piston comprises 

a pocket, the ball bearing being positioned within the pocket such that the 
ball bearing is rotated. 

4. The hydraulic pump of claim 1 wherein the piston comprises 
a seat, an elastic member being interposed between the cylinder block and 

30 the seat of the piston to press the piston against the cylinder block. 
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5. The hydraulic pump of claim 2 wherein the curved portion of 
the spiral groove is existent in the fluid discharging area and the fluid 
introducing at the same time. 
trVC,^ : 6. The hydraulic pump of claim 1 wherein the tilting angle of the 

5 swash plate member is controlled to change the stroke of the piston. 
- . ■:<£+>■•* 7. The hydraulic pump of claim 6 wherein the swash plate 

member comprises a sliding portion placed within the seat member fixed to 
the lower housing. 

8. The hydraulic pump of claim 6 wherein one side of the 
lo swash plate member is elastically supported and the opposite side of the 

swash plate member is pressed by an adjusting member. 

9. The hydraulic pump of claim 6 wherein the swash plate 
member comprises a complex spiral groove for ensuring the linear 
discharging even when the swash plate member is tilted. 

15 10. The hydraulic pump of claim 9 wherein the width of the 

complex spiral groove is established such that the fluid discharging area is 

narrower than the fluid introducing area. 

11. The hydraulic pump of claim 9 wherein the complex spiral 

groove has a plurality of spiral parts adjacent to one another each spiral part 
20 having spiraled portions interconnected by curved portions, the lines 

interconnecting the spiral parts being moving routes of the pistons from the 

fluid discharging area to the fluid introducing area. 
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AMENDED CLAIMS 
[received by the International Bureau on 15 May 2000 (15.05.00); 
original claims 1-11 replaced by new claims 1-5 (2 pages)] . 

WHAT IS CLAIMED IS: 

1 . A hydraulic pump comprising: 

an upper housing having fluid inlet, and outlet ports, and a lower 
housing combined with the upper housing; 
5 a driving shaft inserted into the upper and lower housings such that 

the driving shaft is rotated; 

a cylinder block mounted within the upper housing around the driving 
shaft such that the cylinder block is rotated together with the driving shaft; 

odd numbers of pistons equidistantly arranged in the cylinder block 
io such that the pistons reciprocate, each piston having a ball bearing; and 

a swash plate member provided at the lower housing, the swash 
plate member having a spiral groove for receiving the ball bearing of the 
piston, the spiral groove of the swash plate member incurring the stroke of 
the piston, 

15 wherein the spiral groove of the swash plate member comprises a 

left spiraled portion, a right spiraled portion interconnected by curved 
portions, and bisecting points, one of the bisecting points corresponding to a 
bottom dead center of the piston, a top dead center of the spiral groove 
being positioned at the place biased from the other bisecting point, the 

20 section of the spiral groove with a long peripheral distance between the top 
and bottom dead centers being the fluid discharging area, the section of the 
spiral groove with a short peripheral distance being the fluid introducing area. 

2, The hydraulic pump of claim 1 , wherein the curved portion of 
the spiral groove is existent in the fluid discharging area and the fluid 

25 introducing at the same time. 

3, The hydraulic pump of claim 1, wherein the swash plate 
member comprises a complex spiral groove for ensuring the linear 
discharging even when the swash plate member is tilted. 

4. The hydraulic pump of claim 3, wherein the width of the 
30 complex spiral groove is established such that the fluid discharging area is 
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narrower than the fluid introducing area. 

5. the hydraulic pump of-claim 3, wherein the complex spiral 
groove has a plurality of spiral parts adjacent to one another, each spiral part 
having spiraled portions interconnected r by- curved, .portions, the lines 
$ interconnecting the spiral r parts being moving routes of the pistons from the 
fluid discharging, area to the fluid introducing- area. 
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